were directed, first, to determine the nature and proportions of the permanent gases generated by the explosion of the powder; secondly, to determine the amount of heat generated by the transformation. With the aid of these experimental data they deduced, from theoretical considerations, the temperature of explosion, the maximum pressure in a closed chamber, and the total theoretical work which gun powder is capable of performing on the projectile. The powder in the e~eriments was not exploded, but deflagrated by being allowed to fall in an attenuated stream into ~ heated bulb, in which, and in.the tubes connected with it, the products were collected.
The transformation, according to these experimenters, was given in a well organized scheme which consisted of the original explosive ingredients on one hand (at that time Nitre, Sulphur and Charcoal) and the residue and gas analyses on the other.
Bunsen and Schischkoff determined the number of units of heat generated by combustion, by exploding a small amount of powder in a tube immersed in water. They found -Ithat the combustion of a gram of powder gave rise to 620 gram units of heat; and hence, they calculated that the temperature of explosion, in a closea chamber impervious to heat, was 3340 o C. (5980 o F.)1.
~ter the introduction of smokeless powder in 1864 2 , thermochemical determinations, similar to those on black powder were made on nitrocellulose and its derivatives in order to formulate an explosive that would show the highest qualifications for a propelling substance.
In many cases nitroglycerin was incorporated with nitrocellulose to add more oxygen. The British have manufactured nitrocellulose-nitroglycerin propellants (commonly called cordite) for several decades. Propellant research, which includes formulating mixtures o~' new ingredients, granulating the mixture of ingredients in various forms, testing the final products for their burning characteristics, and determining their thermochemical properties, has been carried out by many the world over. It is to be emphasized that this field of research has been a cmntinued process.
Numerous thermochemical tables have been formulated in order that they may be used theoretically for calculating thermochemical reactions. Milus 3 , in All the heat liberated is absorbed by the system and, consequently, there is a corresponding rise in temperature.
The heat of explosion of a propellant can readily be determined by burning it inside a olosed ohamber and then measuring the amount of heat expelled. Since its potential energy is transformed almost completely to heat, it is usually. accepted that the term. "heat of explosion" of a propellant may be used in lieu of its potential. -5 -
MATERIALS AND METHODS

Apparatus
The apparctus necessary for measurements and analyses is similar to that ,of Milus {Milus, P. R., "Thermochemical Examination of Nitrocellulose" Industrial and Engineering Chemistry, 29, 492 (1937) 
Water Calorimeter
The water calorimeter was deSigned tor the calorimeter bomb ( Figure II ). An inner cylindrical chamber, , -6 -
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I made of aluminum is constructed to hold the bomb and a certain amount of water. An outer and heavier walled aluminum cylinder insulates the system with a two inch air space. A three propeller stirrer is connected with an adjustable speed laboratory motor by a piece of rubber tubing. 1be stirring rod rests in a bearing on the bottom of the inner chamber with its propellers pitched and spaced to give adequate agitation.
Ignition
A fine iron wire is wrapped around the firing head terminals and charged with 0.2 gm. of nitrocellulose whose heat value is known. The explosion is initiated by the current from a storage battery. A c~~rection is made for the heat generated by the ignition nitrocellulose when calculating the heat of explosion of the propellant.
Gas Measuring Equipment
The equipment used for measuring the permanent 
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evacuated by the auxiliary evacuating system and the gases allowed to enter from the permanent reservoir. At the end of ten minutes the temperature is recorded and as cooling takes place the change in temperature with respect to time is again secured. From these data and extrapolations the total rise in temperature is calculated.
(i'ig. VJI).
The data taken and the method of calculating the heat of explosion are given below.
Let: Tl = temperature of calorimetric system at the time of firing in ve.
6T = (T 2 -T I )
T2 = Te + Tc = corrected temperature after firing Te = temperature of final reading
APPARATUS FOR GAS SAMPLING
Tc = c (t e -t r ) = temperature correction 
Methane "t!'orm&tion
Since methane is formed during the process of cooling, it is a secondary reaction ana its heat of formation must be considered when calculating rational heat and total gas volume.
-9 - (2) 22400 by inspection it is seen that the formation of methane causes a decrease in the total gas volume, consequently, a correction must be applied to the total gas volume measurement in order to determine the mo~e fractions of the gases before cooling has taken place. To make tIle correction, the volume "X" of methane formed is subtracted from the volume of H20 and added to the volume of' CO and H2 as flA" and 3 "X", respectively.
Calibration of fI'he Permanent Volume .&'1eas:uring b~stem
The exact volume of a 1000 IDl. round bottom f'l&sk was determined by l'illing it with 'Water and weighing it at a known temperature. oeveral of tnese a.eterminations gave a mean of 1103 mI. at 20 u C.
'l'he system was evacuated to a vacuum of' 0.1 mID.
of mercury. The calibrated flask, with its air unaer atmoSl)heric pressure, was connected to the evacuated system and, its gases allowed to expand into the system. fI'he total volume of the system was determined by the increase in pressure. 
Gas Analyses
The reservoir containing the permanent gases is sampled by means of an evacuated sampling bulb ( Figure IV ), to -15 -which is attached a reservoir containing acidu~atea souium sulfate. The bulb is transrerred to the gas analyzer ana the gases analyzed for carbon dioxide, carbon monoxide, hydrogen, methane, and nitrogen according to standard procedure.
Calculation of The Te~perature of Explosion
In order to calculate the temperature of erplosion it is necessary to know:
1. The heat of explosion in cal./~.
The heat liberated by all the cons~ituents
formed on cooling.
3. Water of condensation.
4. water -gas reaction shift.
5. Rational heat. butyl stearate del,Jends upon its quantity in tne mixture.
Thermochemical data are tabulated tor some experimental hD1..
and Albanite compoaitions.
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